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apply the elaborated for Rician data two-parameter technique based upon the measuring the 2-nd and the 4-th 
moments of the signal being analyzed [Yakovleva (2014), Yakovleva, Kniazkov (2014)] and denoted as MM24.  
 
In the present paper a comparison of two indicated methods of EO coefficient’s determination has been 
implemented. This comparison has allowed demonstrating some advantages of the two-parameter technique 
consisting in the joint calculation of both the signal and the noise parameters for the reflected wave value.  
 
2. Theoretical basics of the problem 
The both methods being compared in the paper are based upon the analysis of the stochastic data being formed by 
the amplitude of the light wave, reflected from the EO medium under the study while the reflection coefficient of 
this medium is being periodically modulated under the influence of the controlling electric field in virtue of EO 
effect.  As it has been noticed above the reflected optical signal is distorted if compared with the controlling voltage. 
The reflected optical signal is a sum of the fixed component being determined by the EO coefficient of the medium, 
and a noise component being formed by the Gaussian speckle noise. The method of two-parameter analysis consists 
in the joint calculation of both the informative and the noise components by means of measuring the resultant 
reflected signal.  
 
We shall use the following denotations. The initially fixed signal, i.e. the signal not distorted by the Gaussian 
noise, will be denoted as vector A
&
 with amplitude A and phase Į. As a result of distorting the modulated signal by a 
Gaussian noise the normally-distributed noise components are being added to the above determined component A 
and thus a resultant random signal is being formed. Let us denote the noise component brought into the signal as 
vector r
&
 with amplitude r and phase \. It should be noticed that the components x, y of the vector r
&
 are 
independent and obey to the normal distribution: 0x y  ; 2 2 2x y V  , where the value 2V   is the noise 
dispersion.. The amplitude r obeys the Rayleigh distribution while the phase \  is uniformly distributed in the 
interval (0, 2ʌ). 
 
The resulting reflected optical signal R  is being formed as a result of summation of the determined signal A  and 
the noise component r
&
: R = A + r
&& & . It can be shown, [Yakovleva, Kniazkov (2014)], that the resultant reflected 
optical signal amplitude R obeys to the Rice statistical distribution which is sometimes called as the generalized 
Rayleigh distribution. The Rice statistical model adequately describes a wide range of tasks in which the output 
signal is presented by a sum of the sought-for initial signal and a random noise formed by many independent 
normally-distributed summands with zero mean value.  
 
The theoretical substantiation of the applicability of the MM24 method for calculating the sough-for EO 
coefficient’s value is based upon the fact that the resultant “noised” signal obeys to the Rice statistical distribution. 
 
The electro-optical effect is known to cause the change of the reflection coefficient of EO material characterized 
by the normal reflection coefficient: U = (n  1)2/(n + 1)2, where n  is the refractive index for ordinary polarized 
beam or for non-ordinary polarized beam, depending upon the polarization of the incident beam respectively to the 
crystal’s optical axis. Then the alteration of the medium’s reflection coefficient caused by the EO effect can be 
expressed by the following formula: 
 3
4( 1)
( 1)inc
I nn n
I n n
G wU GU   G  G
w 
, (1) 
Where Iinc is the intensity of the incident light, GI – the change if the reflected light intensity, 30
1
2 e f
n n k EG   – 
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Table 1. Standard deviations measured data 
Sample 
length 
Crystal 1 Crystal 2 
ı ıS ı ıS 
N=8 4.6x10-8 5.0ɯ10-8 3.6ɯ10-8 3.8ɯ10-8 
N=16 4.0ɯ10-8 4.2ɯ10-8 3.4ɯ10-8 3.5ɯ10-8 
N=32 3.70ɯ10-8 3.83ɯ10-8 4.31ɯ10-8 4.23ɯ10-8 
 
4. Conclusion 
As the sought-for EO coefficient of a medium is determined just by the initial, not distorted by the speckle noise, 
reflected wave, the MM24 method being able to separate the non-distorted component and the speckle-noisy 
component of the signal, provides the more correct evaluation of the EO coefficient than the linear egression 
technique.  
 
Another advantage of the MM24 technique, important from the view point of its practical realization, consists in 
the following: for calculating the EO coefficient by this technique it is sufficient to conduct the measurements of the 
reflection at any only one value of the alteration electric field’s amplitude, without the necessity to modulate its 
amplitude what significantly simplifies the experimental setup and decreases the number of measurements. 
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